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@ Ruid displacement with heteropolysaccharide solutions* and the microbial production of heteropotysaccharides. 



@ A process for displacing a fluid through a well and/or a 
pmieable subsurface formation communicating with the 
well, by injecting Into the well an aqueous solution which 
contains, as visoosifier. a heteropolysaccharide comprising 
glucose and. for each 7 moles of glucose. 0^1^ moles of 
galactose and 0X5 to 1.1 moles of pynivate, together witii 



sucdnate and acetate in molar proportions (based on 7 moles 
of glucose) between 0 and 2. The heteropolysaccharide is 
suitably obtained by cultivation of a slime-forming spedes of 
Pseudomortas, Rhizobium. Alcatigenes or Agrobacterium. in 
particular AMfidSomonss NCtB 11592. 
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yiuid displacement vith heteropolysaccharide solutioas, and the 
microbial Tarodactiaa of heteropolysaccharides 

This iHventim relates to a process for displacing a fluid 
through a veil and/ or a permeable subsurface formation coammmi- 
cating vith the veil, by injecting into the veil an aqueous 
solution of a microbially produced polysaccharide. The invention 

5 also relates to a microbial production of certain polysaccharides 
suitable for use in such displacement process. 

A permeable subsurface foaanation,. -^rtiich is referred to 
herein by the expression "oil-bearing formation" or "oil reser- 
voir", is a permeable rock, formation having the pores thereof at 

10 least partly filled vith a liquid and/or gaseous mixture of 
hydrocarbons* Tbe formation is bounded at its upper side by a 
layer of inipervious rock through vhich liquid and gas cannot 
pass. Originally the pores in the formation vere filled vith 
vater. Oil and gas that vere formed in adjacent source rocks 

15 gradually seeped and bubbled through the pores until they vere 
trapped by the impermeable rock barrier. 

In order to recover the valuable fluids from a subsurface 
formation, a veil or a plurality of veils is drilled from the 
surface into the formation. In the course of the recovery 

20 process, several treatments have to be carried out in the vell(s) 
and/or the formation, vherein a fluid - this term including 
gas(es) and/or liquidCs) - present in the vellCs) and/or the 
formation is displaced by a viscous aqueous solutidi. Such 
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treatments include, inter alia, conpletion or vaA-arer operat- 
ions, enhanced recovery operations, and £raetaring operations. 

Conpletion or .vork-over operations include the cleaning of a 
veil by renoving the liquid originally present therein. Eiis 
5 liquid is then displaced hy a viscous aqueous solution, vhich. is 
circulated at least once through the well (via a conduit extend- 
ing in the veil and the annulus around the conauit). Wien pass- 
ing the circulating viscous solution more than caace through the 
veil, the solution may he filtered at the surface to remove soUd 
10 particles therefrom that are swept from the well hy the solution. 
Since the viscous solution is in contact with the face of the 
formation at the level ^ere the formation and the well communi- 
cate, the properties of the viscous solution should he such that 
the fluid communication between the well and the formation is not 
15 iapaired by that part of the viscous solution that enters the 
formation pore space daring the treatment. In oraer to increase 
the density of the fluid and/or to prevent shale swelling (which 
would result in a redaction- of injectivity of the foaraation) a 
brine solution is often used. (Brine solutions are aqueous 
20 solutions of saltk such as HaCl. CaXa^. MgClg, CaBTg and. the like 
or mixtures thsreof. ) 

Polysaccharides, and in particular microbial polsrsaccharides , 
are often applied as a viscosif ier to increase the. viscosity of 
the solution that is used for displacing the liquid originally 
25 pressit in the well in carrying out completion or work-over 
operations in the well. For the reasons set out aiove, the 
viscous solution should be salt-resistant (i.e.. its physical, and 
in particular its rhedogical, properties should remain substan- 
tially unaffected by the presence of ionic salts) and should be 
30 • filterable by a filter without excessively plugging the filter. 
However, those microbial polysaccharides which are at present 
available generally fail to satisfjr these requirements conpletely. 

The same problems exist when using an aqueous viscous 
solution in a fracturing process, in which a fracture is formed 
35 in the formation part adjoining a well by injecting a fracturing 



liquid into the formation pore space at a pressiire abore the 
formation breakdown pressure.' The fracturing fluid is propelled 
through the veil and the formation hy a viscous .aqueous solution. 
The fracturing liquid enters the pore space at a pressure higher 
5 than the fracturing pressure, thereby causing a fractiire in the 
formation. The fracturing liquid is propelled deeper into the * 
formation by the viscous displacement fluid vfaich is also employed 
to caxTj into the fracture propping agents that vxll keep the 
f^racture walls at some distance from one another when the pressure 
10 in the fjracture is released* The viscosifier used for obtaining 
the desired viscosity of the displacement liquid should be salt- 
resistant (since the liquid is preferably a brine solution to 
prevent swelling of clay or shale present in the fl'acture walls ) • 
Further, the viscosifier should not plug the entrances to the 
1^ pore space of the formation when the displacement fluid is in 
contact with the fracture walls. As noted above with reference 
to the liquid displacement process forming part of a well complet- 
ion or work-over process, the currently available microbial 
polysaccharides do not con5)letely satisfy those requironents • 
20 The same problems also exist in enhanced oil recovery' 

processes wherein the fluids present in the formation pore space 
are displaced to a production well or a plurality of production 
wells that are in communication with such formation pore space. 
Such displacement processes are required in oil recovery opera- 
25 tions when the z^tural forces for driving the oil to production 
veils are insufficient to displace the oil (that is often of a 
hT g>i viscosity) at an economical rate. One solution is to pun^ 
gas or water from the surface into the reservoir through in- 
jection wells located at some distance from the production wells. 
30 Because gas is valuable, and water is as a rule more efficient at 
'displacing oil than is gas, injection of water has become a 
conventional agent used in enhanced oil recovery processes. 

Vhen water is injected in the formation for displacing oil 
in the reservoir to the production wells , tongues and fingers of 
35 water will develop that advance below and through, respectively 



0040445 



15 



the Doay of oil present in the pore space of the fomatioa sad 
ahead of the aaia water mass. The drive vater thereUy hy^passes 
part of the oil, ^*icli results in a decrease in the sweep effect 
of the vater. Moreover, substantial amounts of vater vill he 
5 prodnced -with the oil and have to he separated therefrom. The 
problem is more severe in the recovery of viscous oils, and one 
technique for aUeriating this problem is to increase the visco- 
sity of the driTC vater by the dissomtion of suitable chemicals. 
Certain TOter-soluble polymers have been proposed for this 
10 application, btit these often fail to retain their full potential 
effectiveness under the severe physical conditions encountered in 
the oil-bearing formation. In particular, in addition to having 
the essential inherent viscosity in. aqueous soultien, the polymer 
should be adequately shear resistant and' should not cause plug- 
ging of the pores in the formation, and these ^wlitiea should be 
retained in the conditions of salinity and tanperature which 
prevail in oil resejrvoirs. 

It has now been discowfed that certain microbially produced 
polysaccharides have properties veil-suited to their use in 
displacing liqjJids through, veils and/or permeable subsurface 
formations communicating, with these veils, vhich. displacement 
processes may be included, inter alia, in velL cQii?>letion and 
vork-over operations, fracturing methods and enhanced oil recovery 
techniques. 

25 The present invention therefore provides a process for 

displacing a fluid through, a well and/or a permeable subsurface 
f onnfttion by injectiag into the well an aqueous soluticn., charac- 
terised in that the solution contains as viscosifier a hetero- 
polysaccharide coursing glucose and, for each 7 moles of 

30 .glucose, 0.9 to 1.2 moles of galactose and 0.65 to 1.1 moles of 
pyrmrate, together with succinate and acetate in molar prqport- 
ions (for each T moles of glucose) between 0 and 2. 

Heteropolysaccharides of this type are generated by a variety 
of micro-organisms, including those of the genera. Pseudomonas , . 

35 Bhizobium, Alcaligenes end Agrobacterium. Particularly suitable 
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orgaxiisxns include Rhiadbium meliloti , Alcal igeaes faecalis var. 
nyxogenes , AgroTjacteritnn tiaaef aciens , Agrobaetearitm radiobacter , 
Afrobacteritna rhizogenes ,. and Pseudomonas sp.HCIB 11261^, and also 
a novel strain of Pseudomonas species isolated by tlie Applicants 
5 from a san^^le of soil, and deposited at the National Collection 
of Industrial Bacteria, Torry Research Station, Aberdeen, under 
the accession number 11592.. 

The heteropolysaccharide used in the process of this imren- 
• tion can he produced hy cultivating the chosen micro-organism in 
10 an aqueous nutrient me d i^ ^ until substantial quantities of 

heteropolysaccharide are elaborated* The aqueous nutrient medium 
vill nozmaUy contain an assimilable source of carbon and nitro- 
gen, together vith smaller amounts of magnesium, calcium,, iron, 
phoshorus and other inorganic ions- The sources of nitrogen and 
15 carbon are suitably an arnrnrm-inm salt and a carbohydrate respect- 
ively, the latter conveniently being glucose, and preferably 
being en^^loyed in a concentration between 0.1 and 10% hy veight, 
narmally 1-2? v/v. The tenroerature of cultivation and time 
required to generate an acceptablje yield of heteropolysaccharide 
20 naturally vary according to the fjrgaoism. In the case of Pseudo- 
nonas sp.NCIB 11592 the tCTperature is preferably between 20 and 
35^C, and for a batch process the fermentation time is normally 
between 6O-I8O hours, generally ftrom 8O-IOO hours. 

When the fermentation is con^eted, the heteropolysaccharide 
25 may be recovered from the neat fermentation hroth, or, more 
preferably, after the tooth has been separated from the cells. 
This separation is conveniently carried out hy adding a suitable 
diluent to give a concentration of polysaccharide of about 2000 
ppm, and centrifuging the ceils from the diluted tooth. The 
30 clarified tooth may then be treated by known techniques to 

recCnrer the heteropolysaccaride from the fermentation broth. A 
convenient technique is that of solvent precipitation, in which 
the clarified fermentation broth is treated with a suitable 
inorganic salt, such as potassium chloride, and a water miscible 
35 solvent which does not react with- the heteropolysaccharide and in 
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vbich the product is insoluble. The prodact is thus precipitated 
and may he recovered "by accepted aaod taown techniques and. dried. 
Typical arganic solvents iihich nay he used are straight or 
'branched chain loror alkanols, e.g. methanol, ethanol and isoprop- 
5 anol. The preferred solvent is isopropanol, irtien the volume 
added is nonnally 1.5 times the volume of clarified fermentation 
'heer. 

However, it is not alvays essential to separate out the pure 
heteropolysaccharide, and a convenient process variant is to 

10 establish a steady state fermentation in vhich nutrient medium is 
continuously fed to the micro-organism, polysaccharide-containing 
nutrient medium is continuously vithdrawn from the system and,, 
after any necessary clarification, concentration adjustment 
and/ or incorporation of additional ccairpounds , is injected into 

15 the well. 

It is believed that the heteropoOysaccharide used in the. 
process of this invention effectively con^rises an octasaccharide 
repeating unit hased on 7 D-glucose residues and 1 D-galactose 
residue. The heteropolysaccharide also cantaiuis varying proport- 
20 iotts certain acid residues,, namely pyruvate, succinate and 
acetate. The precise proportions of these molecular components 
vary according to the micro-organism ftroot which the heteropolysacc- 
haride is prod-uced, and also the precise conditions under which 
the organism is- cultivated. Also the proportions as determined 
25 experimentally will show some degree of variability hetween 

s\iccessive sets of measUreaents on the same material, arising in 
part from a lack of complete homogeneity in the material and 
hence a real variation between samples, and in part from the 
limits of accuracy of the analytical techniques employed. As 
30 indicated earlier, pyruvate is always present in the heteropoly- 
saccharide, hut acetate and succinate may occur only in small 
amounts or not at all. As explained later, treatment of the 
polysaccharide with allrflli will remove any succinate and acetate 
originally present, but it will leave the pyruvate intact. Such 
35 a pc^ysaccharide, wherein the acetate and succinate content is 
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efTectively zero, has acceptable physical/rheological properties 
and falls within the scope of this izrvention. 

Polymers suitable for use in the fluid displaceneiit process 
of this invention should possess ceortain physical/rheological 
5 characteristics. !Ehe most basic of these is the inherent viscos- 
ity of the polymer in aqueous solution, since this is necessary 
for the effectiveness of the displacement. In common vith many 
other- water-soluble polymers, jaqueous solutiozis of the hetero- 
polysaccharides used in this process are pseudpplastic, or .shear- 
10 thinning, that is their viscosity reversibly decreases with an 

increase in shear rate, and therefore the viscosity criteria have 
to be related to the shear rate. For ccmmjercially effective 
resxilts. it is preferred that a 1000 ppm solution of the hetero- 
polysaccharide in a medium brine solution (as hereinafter defined) 
15 should have a viscosity of at least 3, and more especially at 

least 10, mPa.s when determined at a shear rate of 7-5 s" and a 
tenroerature of 25°C« Determinations of the viscosity under these 
conditions can conveniently be made with a Brookfield LVT or 
Contraves Low Shear viscometer or a Deer rheometer. 
20 !Die shear-thinning, or "pseudoplastic", characteristics of 

these polymers, are of particular benefit when applying the poly- 
mers as viscosif iers in aqueous solutions used as displacing- 
agents for displacing fluids (such as oil) in a ^permeable sub- 
surface formation to a production well (or a plurality of produc- 
25 tion wi^Lls) coimmndeating with the formation. The oil is then 
recovered to the surface via the production well.(s). In such 
enhanced water-drive oil recovery process of this invention, the 
aqueous viscous solutions have a considerably greater injectivity 
than that of a fluid having comparable displacement character- 
30 istics but Hewtonian flow properties. However, injectivity can 
be* adversely affected by the retention of the polymer in the 
pores of the permeable subsinrface formation-, leading to plugging 
of the pores with conseqiiential loss of injectivity and impair- 
ment of oil recovery. S\ii table filtration tests known per se may 
35 be carried out to assess the potential hazard of plugging a 
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f onnation of a particular permeability vbea a particular Datch of 
the microbial polysaccharide produced by the production method 
according to the present iirrention is to be injected thereinto, 
and it is found that such haaard is minimal. 
5 Another feature of the polysaccharide solution of ia^iartance 

for improved fluid displacement in veils and/or siibsurface 
formations is that both the viscosity and filterablility charac- 
teristics 8hould.be maintained in the presence of ionic salts, 
since, the aqueous solirtions usei in oil recovery treatments are 
10 normally saline, and also the oU-bearing formations themselves 
often contain significant Salt concentrations. The polysaccha- 
rides used in this invention generally fulfU these varied 
requirements better than materials hitherto available. 

15 Characterisation of Ps ''"'^"""""-'' s^- 11592 

Pseudoinonas sp. HCIB 11592 has the morphological, and physio- 
logical characteristics set out below. These vere determined by 
standard test methods desc^bed ia "Cowan and Steel's Manual for 
the Identification of Medical Bacteria", second edition a97»*). 
20 CQ«5arison of these characteristics vith those listed in "Bergey's 
Manual of Determinative Bacteriology, Eighth Edition" indicates 
that the organism has many characteristics of the genus Pseudomonas- 
but certain properties which are normally associated with Agro- 
bacterium, though the production of a water-soluble pigment wider 
certain conditions suggests that Pseudomanaa is the more appropri- 
ate designation. 

1. Physical Characteristics 



25 



30 



(a) Shape - small rods, occurring singly 

or in pairs. 0.5-1*0 microns, 
X 1.5-2.5 microns. 

(b) Motility - inotile with 1 or 2 polar flag- 

ella 



35 
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(c) Sporulation 



(d) Gram stain 



.no efvldence of spore (or cyst) 
formation, 
negative. 



2. Cultxaral chaaracteristics 

Bfatrient agar plate. Colonies off-vhite, smooth glistening 
flat, circular and entire. Diameter 2-3mm after 2Uh at 

3. Physiological characterisitics 



(a) Catalase 

(h) Oxidase 

(c) Urease production 

(d) Growth 

(e) Temperattore relations 



(f ) pfi relations * 

(g) Methyl red 

(h) Voges-Proskaoer 

(i) Carhohydrate hreakdovn 

(j) HgS production 
(k) Indole production 
(1) Nitrate reduction 
(m) Hydrolysis of 
gelatin 

Tween — 
Casein 
starch 
(n) Litmus milk 



. positive 
positive 
positive 
aerohic 

anaerobic vith ziitrate 

up to 37^C, optimum BO^C. 
'So growth at k^C or kl^C'. 
optimam 6.5-T*59 range ^.5-9«0 
negative 
negative 

oxidative 

negative 

negative 

positive, or NE^ formed 

negative 
negative 
negative 
negative 
reduced 
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(o) Argiixine ditaydrolase 

(Sho(nil«y*s teat) - negative 

(p) Arginine decartoaylase - negative 
l(y8ine decartoacylase - negative 
5 Ornithine decarbootylase - negative 

(q) Pigmentation - Kings S medim - slight yellow 

(r) Utilisation of carhon sources - Grows on glucose, suc- 
rose, fructose, succinate, serine, alanine, mannitol, 
lactate, snd propylene glycol.. Acid produced front 
,0 glucose. Ho growth on citrate, malonate, phenylalan- 

ine, gluconate, ethanol or ethylene glycol. 

(s) Bemaerts and De Ley test - positive 

T^ ^^^^Ar^ »-p ,,..fc.rooolv ««^«»h«ride bv cmtivation of Pseudomonas 

15 sp. HCIB 11592 

a) Battih Process 

The inoculua for a hatch culture was initially grown froni a 
single mucoid colony of Pseudomonas sp. HCIB 11592 from an agar 
plate, in a 250 ml. coniciL shake flask containing "Lah-lemco" 
20 hroth (100 ml.) and 10 gl"^ glacose. and incubated at 30°C for 
• Zk hoars on an orbital shaker. An aHqpot (Uo ml.) of this 
culture was then transferred aseptically to a 2-litre conical 
shake flask containing 1 litre of the medium defined below and 
vas incubated for a further 30 hours at 30°C on an orbital shaker 
25 before inoculation into the fement«r. 

Medium Camposition • 
(ancose 10 8/1 

Ha^HPOi^ 3-0 
KHgPOi^ 3-0 



30 



MgSO^.THgO 8/1 



IteClj.fiHgO =8/1 
ZnSO^.THgO °-36 mg/1 
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0.32 xng/1 
0.30 ng/l 
0.36 ng/l 
0.20 mg/l 
0.60 mg/l 



Fermentation vas initiated 1^ the addition of the inoculisn 
into a Chemap LF-T fexmentation vessel containing 3/.1 of growth 
medium to give a final vorking volume of Vl. The cnltxire temp- 



10 6.80 hy the automatic addition of a UT potassiim hydroxide + IK. 
sodinm hydroxide solxztion. Air vas sparged into the fermenter at 
a rate of 0.?0 1. min"*^ and the culture agitated lay 3 z U*hladed 
Busfaton turhine impeller at a speed of 1000 rpm. Gas transfer 
under these conditions vas sufficient to maintain the culture 

15 dissolved, oxygen tension in the region of 120 to 1^0 mm. Hg. 

Culture hroth saisples (20 ml.) vere taken at regular in- 
tervals throughout the fermentation and analysed for cell and 
exopolysaccharide concentration*.' residual medium glucose and 
residual medi\m ammonium ion. The progress of this culture, and 

20 the generation of heteropolysaccharide are summarised graphically 
in Figure 1. 

Wxen the fermentation vas congpleted, the fermentation hroth 
vas separated from the cells hy diluting vith vater to give a 
concentration of polysaccharide of about 2000 ppm and centri- 

25 fuging the cells fjrom the dilated; hroth, suitahly vith a Sharpies 
Laboratory Super Centrifuge vith liquid input running at 3 
litre/h. The heteropolysaccharide is then recovered from the 
fermentation hoth hy the addition of .potassium chloride followed 
by ispprppanol is an amount of 1.5 times the volume of clarified 

30 fermentation heer. The resultant gel like precipitate is ranoved 
from the spent fermentation heer, and is then pressed to remove 
residual isopropanol and dried under vacuum at 50^C. ^ The dried 
material may then be ground to a fine powder. 



erature was maintained at 28°C ^ 0.2^C and the pH controlled at 



0040445 



12. 

•fa) contimioufl Process 

Following a parocedore similar to that descrilied al»ove, a 
culture -broth of Pseuaomonas sp JTCIB 11592 was established in a U 
Utre "Biotec" feraienter fitted irith haffles and an ia^peUsr. 
5 This hroth was then fed with two nutrient streams:- 

Stream 1 :- H^POj^ . 1-088 g/1 

MgSOj^.THgO 0.U93 g/1 

CaCl2.2H20 O.lkl g/1 

10 Qucose 20 g/1 

Trace elanents:- as in mediiTm defined above. 
Stream 2 :- iT^),)2^\ ^L.lU g/1 

The volume of the 'broth was 2.6 litres, and nutrient streams 
15 1 and 2 irere continously fed at rates of 1^9-2 and 15^^ ml/hour 
respectively, and the culture hroth maintained at 28®C and pH 7-5 
(by the use of 2.OT mixture of sodium hydroxide and potassium 
hydroxide) . Culture medium vas continuously withdrawn at an 
equivalent rate, and this, outlet stream contained 3.7 g/1 of 
20 polysaccharide (as estimated hy vicosity) and 2.7 g/1 of cells 
(determined hy optical* density and' expressed as cell dry weight). 
Deter"i'"«tion of heteropolysaccharide c >'^^>fl^l constitution 
The heteropolysaccharide obtained from the above batch 
fermentation was hydrolysed with 0.25 M sulphuric acid at 95 C 
25 for 16 hours. Qaantitative analysis by g.l.c. after conversion to 
the peracetylated aldononitrile derivatives , and by enzymatic 
methods revealed that the only neutral "su^gars present were D- 
glucose and D-galactose, the molar ratio of glucose : galactose 
being 7:0.96 and that pyruvate, acetate and succinate were also 
30 presexrt in molar amounts (based on 7 moles of glucose) of 1.02; 
O.H; and 1.11 respectively. 

Titration of the deionized native polysaccharide gave the 
curve expected of a dibasic acid whereas titration of the alkali 
deacylated polymer indicated a single acidic groiq). "Hence, the 
35 polysaccharide contains an alkali-stable acidic function, believed 



to "be sopplied l3y the pynxTate group linked as a ketal to the 
sugar residue, and also an alkali-labile acidic fonctioxi helieyed 
t he derived from succinic acid in the fom of its half ester. 
The acetyl content of the polymer has heen found to vary somewhat 
3 hetveen different hatches, hut is consistently less than equimolar 
with galactose. .The succinyl content is normally approximately 
equimolar with galactose. 

Methylation of the polysaccharide by the Hakomori procedure 
gave the methylated sugars shovn in Table 1. A single g.l.c. 
10 systan to resolye all the partially methylated sugars has not 
heen found but the use of two systems has allowed a coa^lete 
analysis. 13ie indiyidoal methylated sugars were identified by 
g.c. «- m.s. . The presence of two distinct 2, 6, tri-O-wthyl 
hezose derivatives unequivocally shows that the galactose residue 
15 and one glucose residue are linked at the 3-position in the mole- 
cule. The remaining partially methylated sugars must all be 
derived ftrom glucose residues- The methylation- data are there- 
fore best interpreted in terms ot a, polymer with aa 8 sugar 
repeat \mit (T glucose 1 galactose). No tetr.amethyl derivative 
20 is evident but two 2,3 di-O-methyl glucose units occur per repeat 
unit. Hence, if the repeat unit is branched, the non-^reducing. 
terminal must consist of a pyruvylated glucose residue U,6-0-(l-> 
C8rboxyetbylidene)-I>--gLucose i^ch gives 2,3 di-O-metfaylglucose 
on methylation. The second 2^3 dl-O-metbyl glucose residue would 
25 be derived from tile branching, point sugar of the polysaccharide. 
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Table 1 



Methylated Sugar Colxazm I 



HDle ratios 
Coltmn n 



Overall 
Mole ratios 



2, ^, 6 GLxicose 2.08 
2, 6 Galactose 
2, 3, 6 CxLiicose 

2, 3, U Ga.ueose 1.00 

2, 3, Glucose 1.96 



]^ 3.0k 



2.06 
1.00 

2.91 
1.93 



2 
1 
2 
1 
2 



ColOTBi I = 5* SE 30 on Supelcoport 100/120; 175°C; Ug at 50 
dI/bos 

Colunn 11 = 3? BPGS on Chronosorb W.il.W. ; l80^C; at 50 ml/min 
+ 2,U,6 Glucose representing- 2,U,6-.tri-OHiietlx3rl glucose, etc. 

In order to evaluate the extent of the variability in poly- 
saccharide coaposition as determined on the product from a 
specific- microorganism str^, several saii5)les of polysaccharide 
vere prepared ftom Pseudomonas HCIB 11592, and the product 
analysed enzymically after hydrolysis in- 0.25M sulphuric acid at 
95°C for- 16 hours. The results are shorn in Table 2 helov:- 
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16. 

A farther detailed study ves anade aa. 6 batches of product 
frca Pseudomonaa HCIB 11592. hydrolysed in 0.5M sulphuric acid at 
95°C for 16 hours. The sugar analyses we perfomed as hefore. 
and the acids vere analysed by high pressure liqjiid chromato- 
graphy on a 30cn. "Bio-rai" HPX 87 coHam at SO^C vith detection 
hy U7 kbsdrptioB at 206iiib. The nuaiber of saa^les aaa3ysed from 
each hatch vas 3-5, and each saagOe vas separately hydrolyaed. 
The variation between the sanqplea in each batch (representing the 
variation resulting from sanpliug. and in the actual analyses) 
yas statistically analysed to give the standard error of the mean 
for each batch. Of the various analytical techniques, that for 
the deternination of galactose is the least precise, the standard 
deviation being about 0.05. 

The results are shown in Table 3 below. 
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Sugar analyses sianilar to those descriljed at the being of this 
sectiOT vere carried out on the polysaccharides produced hy a 
number ot known organisms, vith the results shown in Table k 
below. 
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It is asparent from these results that the poayiaccharides 
produced Hy each organism (including the novel P seudomonas 
sp.HCIB 11592) hare essentially similar sugar and pyrwrate 
composition. Accordingly, .it is heliered that they all ha^ the 
5 same hasic octasaccharide repeating unit, ifliich has heen. fully 
elucidated, in respect of the pdlymer derived from a strain of 

5^l£ti - see JJto.Chem.Scc. 2i (1577) 3802-3815. and . 
all the pdlysaccharides having this con^sition are potentially 
. suitable for use in the process of this invention. 

10 ^^^o^^iT».^^■^»n of heteropol^ a^charide rheological properties 

a) Viscosity 

The viscosity/shear properties irere determined for the 
polysaccharides produced hy a number of the organisms descrihed 
ahove, and the results are set out in Table 5 helow. In all . 
15 cases the results refer to a 1000 ppm solution of the polysacch- 
aride in medium salinity hrine (as defined helow). and vere 
determined according to the procedures hereinbefore described. 

Table-5 



25 



Micro organism 




Viscosil7 (mPa. 


s) - 




used. 

Shfear rate (s ) 


11.5 


. 23 


U6 


115 


Pseudomonas sp^HCIB 11592 


60 


* 36 


22 


12 


Pseudomonas sp.HCIB 1126U 


UO 


28 


21 


12 


Khizobiim meliloti K.2U 


26 


20 


lU 


9.0 


Aflpro'bac'beTi'™ i^adiobacter 


IT 


15 


12 


9.0 


nciB B1U9 


• * 








Deacylated product of 
HCXB 11592 


It 


13 


12 
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30 . The influence of salinity on vicosity vas alsb evaluated 
using the polysaccharide from. Pseudoissas sp.HCIB 11592 in a 1000 
• ppm aqueous solution containing different levels of sodium 
chloride concentration. AH determinations vere carried out at 
25**C and a shear rate of 23 s"'''. and the results are shown in 

35 Table 6 belov. 
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Table 6 

^ Fa CI 0 0,05 0.5 5.0 10.0 20.0 30.0 

Viscosity 37-0 37-0 36.5 36.0 38.0 39.0 U2.0 



5 b) Filterability 

The potential hazard of formation plugging is. assessed* by an 
encpirical filtration test in 'which the passage of a given Tolume 
of heteropolysaecharide solution through defined filter(s) is 
meastired as a function of time. Generally, the solutions filter 
10 easily for so long as at least part of the filter is open to 

flov, but as soon as the filter pores become plugged the f iltrat- . 
ion rate declines rapidly. It has been established empirically 
that the filtration behaviour can be satisfactorily evaluated 
using filters of 1^7 ana diameter -with a pressure difference of 1.0 
15 bar and a sainple volume of 100 ml of solution. Suitable filters 
are of cellulose ester type (e.g. "Millipore") having pore sizea 
ranging frcm 0.U5 to. 5-0 microns, e.g. O.U5, 0.8, 1.2 or 5.0 
microns. The performance is expressed by the time needed to pass 
the 100 ml through the filter. In order to determine the effect 
20 of ionic salts on the filterability ^laracteristics, the filtra-* 
tion test is carried out at three levels of salinity, as foUovs:- 
Lov Salinity contains 0.59^ HaCl, 0.03% 9 CbC1^.2R^ 
Medium Salinity contains 3% HaCl and 0.3% CbCI^-^^O 
High Salinity contains 10% NaCl and iS CaCl^'^^ 
25 Solutions of 600 ppm of heteropolysaecharide are made up in each 
of these lov,' medium and high salinity brines and are evaluated 
for filterability as described above. 

Determination of the filtration characteristics of the 
heteropolysaecharide produced from Pseudomonas sp NCIB 11592 
30 demonstrated tixat at all levels of salinity the solutions passed 
in less than 3 minutes through filters of pore sizes 0.8 ^; 1.2^1 
and 5*0 |i In aU cases it vas found that the passage of the 
solutions through* the filters did now lead to any loss in in- 
herent viscosity of the polymer solution. Using the smallest. 
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0,U5^,.filt^ pare size, the filtration tines rare determined far 
the polysaccharides produced by a number of the organisms des- 
.cribed above, and the results are set out in Table 7 belov. Par 
Pseiadn^pnpas sp HCXB 11592 the test vas carried out using a 600 
5 pim solution of the polymer; for the polymer prodaiced from the 
other organisms a 1000 ppm solution vas tised. 

!gable T 

Micro organism Filtration Time (seconds) 

Lov Saline Medium Saline High Saline 

10 Pseudomonas sp 175 2^5 360 

NCIB 11592 

Pseudomonas sp 1200 210 260 

HCIB 11261*"" 

Bhizobium meliloti U26 ^9 208 

E-2U 

15 Agrobacterium 105 ' 88 i08 

radiobacter HCIB 8lli9 

c) Shear Stability 

An estimation of the shear stability of the polymer, produced 

2Q by Pseudcmonas sp NCIB 11592 vas made according to the following 
technique, and vas compared vith the results obtained pram the 
known viscosifiers far oil cSerations, Kelzan 2C and Pusher 700. 

A Sorvall Qmnimixer vas set up using the kOO ml container 
cooled in ice/vater. About 175 ml of c.lOOO ppa polymer solution 

25 in distilled vater vas added and the mixer run at setting U 
(11500 rpm) . An initial santple vas taken, and samples taken at 
intervals of 30s, 30s, laiin, 2min, ladn and 8min, giving cumul- 
ative shear times of 308, lain, 2mih, ^tinin, 8min end l£min 
respectively. Seniles vere taken (= l*ml) vith a Pasteur pipette, 

30 and their viscosities (mPa.s) at 23 S*""^ shear rate determined. 
Viscosities of the extreme sastples fraoi the Eelzan experiment 
measured after 1 day shoved no measurable recovery in viscosity. 
The results are tabulated in Table 8 belov. 
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The hi^ resistance against salt and shear, and the low 
•plugging properties render the present nicrohially produced poJy- 
saccharide extremely iJseftO. as a viscosifier in processes therein 
aqueous solutions are used for displacing Unids in veils and/or 
5 subsurface formtions connmmicating vith the veils. When applying 
the viscosifier in a process vherein a viscous aqueous displace- 
neat solution is used for displacing oil or other hydrocsr-boneoijs 
aixfcures in a subsurface formation towards a production veil (or 
production veils), the increased viscosity of the displacement 

10 imid vill-he effective to ndnimze fingering of fluid through 
the oil present in the formation. The shear resistance and the 
salt resistance of the present polysaccharide .vill enahle its 
desira-ble. physical properties to he retained, over the period that 
it is being displaced throu^ the fonnation in the oil recovery 

15 process . 

The process according to the present invention may he used 
not only for displacing oil, etc. in oil reservoirs to production 
.,,ells. hat also for cleaning a veil by displacing the fluid 
originally present in the veli: Such a process then forms part 
20 of a veTL coi.?»letion or vork-over operation. Cleaning the veil 
is imperative after cenentinc the casing and prior to initiating 
production in the veil. A viscous hrine is used for this purpose, 
and the heteropolysaccharide herein defined is found to he ertrem:- 
ely suitable as a viscosifier since it has, as already explained 
25 above., an excellent resistance against, salt as veli as lov plug- 
ging properties, ime salt resistance allows the use o£ brine as 
cleaning fluid vhich is attractive in view of the increased 
density of this fluid vith respect to vater. Further, there is 
. no hazard of plugging the formation vhen pert of the viscous 
30 brine enters the pore space of the formation at the level vhere 
the formation comnmnicates vith the veil. 

For cleaning the veil, the viscous brine is injected into 
the veil via a conduit extending into the veil and thereafter 
returned to the surface via the annulus around the conduit. The 
35 f laid originally present in the veil is displaced by the circul- 
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ating viscous brine, and imdesira'ble solids present in the veil 
are simultaneously lifted from the veil. The solids are renoved 
from the circulating viscous brine by passing the brine Itoou^ a 
filter* at the surface, and since the viscous bxine has lov plug- 
5 ging properties, cleaning of the filter is only required vhen the • 
amount of solids deposited thereon hanpers the filtration rate. 
When the veil has been cleaned, the viscous brine is ten?orarily 
left in the veil over the period that farther completion operat- 
ions. are carried out in the veil. Such operations are knovn per 
10 se and need not be described here in detail. Apart from being 
suitable in production veils, the present process may also be 
included in completion operations carried out in injection veils, 
those are veils via vhich displacement fluids are passed into a 
subsurface formation. 
15 The present process may also find application ais part of a 

vorlc-over operation carried out in either a production veil or an 
injection veil that has be^ in use for some time but needs to be 
repaired. The* veil is ti^en cleaned by displacing the fluid 
present therein by means' of the presejrt process, and the displace- 
ment fluid is left in the veil during the period that repair 
operations are carried out in the veil. To prevent a blov-out 
from the veil, the cleaning fluid may be veighted by suitable 
veighting agents Imown per se for increasing the density of vork- 
over fluids. 

25 In summary, the present process is suitable for use in 

carrying out any operations in veils and/or formations vherein a 
fluid is being displaced through the veil and/or pore space of 
the formation. Apart from the application of the present process 
in the above described vork-over-, con5>letion, oil recovery-, and 

'30 fracturing-operations, the process may also be used in any other 
type of operations vherein a viscous aqueous solution is pumped 
•dovn a veil, such as for the transport of sand particles, etc., 
dovn the veil and into the formation, thereby displacing the 
fluid originally present in the veil and/or formation. The use 
35 of the present microbially produced polysaccharide vill prevent 
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the fonmition becomiiig plugged W the viscous aqjxeous solation 
entering the pore space of the fonnation. Also, the reqjiired 
viscosity for csxrying out the process vill not decrease ^en ^ 
viscosifier is in contact vith salt solutions or salt layers. 



27. 



0040445 



CLAIMS 

1. A process far displacing e flxiid -through a veU and/or a 
permeable substxrface foxmatioa comrmmi eating vith the veil, 
hy injecting into the veil an aqueous solution, characterised 
in that the solution contains as viscosifier a heteropoly- 
saccharide canprising glucose and, for each T moles of 
glucose, 0.9-1 -2 moles of galactose, and 0*65^ to 1.1 moles 

of pyruvate, together vith succinate and acetate in molar 
proportions (hased on T moles of glucose) hetveen 0 and 2. 

2. - Process as claimed In claim 1, vherein an aqueous, solution 

of the heteropolysaccharide has a viscosity (as measured on 
a lOOOppm solution in medium hrine at a shear rate of T . 5s*^ 
and a tanperature of 25°C)of at least 3.0 mPa.s. 

3. Process as claimed in claim 2, vherein the aqueous solution 
has a viscosity of at least 10 mPai.s. 

U. Process as claimed in claim 1, 2 or 3, vherein the poly- 
saccharide is obtained by cultivation of a slime forming 
species of Pseudomonas, Hhizobium, Alcaligenes or Agro- 
bacterium. 

5. Process as claimed in claim U, vherein the polysaccharide is 
obtained by cultivation of Bhizobium meliloti , Hhizobium 
trifolii , Alcaligenes faecalis var. myxogenes , Agrobacterium 
tumefaciens , Agrobeu:terium radiobacter a Agrobacterium 
rhizogenes , Pseudomonas sp. NCIB 1126U, Pseudmonas sp. NCIB 
11592, or mutants thereof, and, if required,, subsequent 
alkaline deacylation of the microbial product. 
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6. Process according to say one of the preceding dains. 

i*erein the aqueous solsttion that is injected into the veil 
is passed into the foraation tor displacing at least part of 
the fluid preset therein -to a production veil and recover- 
ing the fluid therefrom. 

process according to any one of the claims 1-5, wherein the 
aqueous solution that is injected into the veil is for at 
least the major part of the injection alloved to circulated 
through the veil via a conduit extending into the veil and 
the amuluB around the conduit for cleaning the veil ftom 
the fluid contents originally present therein. 
Process according to claim 7. vherein the aqueous solution 
after having heen circulated once throu^Ji the veil, is 
filtered and re-injected, into the veil. 

Process according to claims 7 and 8. vherein after the veil 
has heen cleaned, the aqueous solution is left. stationary in' 
the veil during coii©letion or vork-orer operations that are 
subsequently carried out in the veil. 
Process according the any one of claims 1-5. vherein the 
aajor part of the aqueous solution that has heen injected 
into the veil is passed into a fracture communicating, vith 
the veil and extending inta the formation. 
A process for the production of a polysaccharide sui-Wble 
for use in the process of claim U. vhich ccn^rises cultxvat- 

P.eudomonas sp. BOB 11592. or mataats thereof, under 
aerohic conditions in an aqueous nutrient medium and recov- 
ering, the polysactiharidfi tram the polysaccharide-dontaining 

medium. , 
The process as claimed in claim 11. vherein the cultivation 
is carried out at a ten^^erature hetveen 20« and 35 C and a 
pH between 6.0 and 9-0. 
13. A polysaccharide vhen produced hy a process as claimed in 

e:ty-im 11 or 12. 
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Flidd displacement with heterapotysaccharide solutions, and the micrabial production of 

heteropotysacch aiides 

This invention r lates to a process for displacing a fluid through a permeable subsurface formati n 
communicating with a well, by injecting into the formation via said well an aqueous solution of a 
microbially produced polysaccharide. The invention also relates to a microbial production of certain 
polysaccharides suitable for use in such displacement process. 
5 A permeable subsurface formation, which Is referred to herein by the expression "oil-bearing 
formation" or "oil reservoir^', is a permeable rock formation having the pores thereof at least partly filled 
with a liquid and/or gaseous mixture of hydrocarbons. The formation is bounded at its upper side by a 
layer of impennous rock through which liquid and gas cannot pass. Originally the pores In tiie formation 
were filled with water. Oil and gas that were formed in adjacent source rocks gradually seeped and 
10 bubbled through the pores until they were trapped by the impermeable rock barrier. 

In order to recover the valuable fluids from a subsurface formation, a well or a plurality of wells is 
drilled firom the surfece into the formation. In the course of the recovery process, several treatments 
have to be carried out in the well(s) and/or the formation, wherein a fluid---4his term including gas(es) 
and/or liquid(s) — present in the well(s) and/or the formation is displaced by a viscous aqueous solution. 
15 Such treatments Include, inter alia, completion or work-over operations, enhanced recovery operations, 
and fracturing operations. 

Completion or work-over operations include the cleaning of a well by removing the liquid 
originally present therein. This liquid is then displaced by a viscous aqueous solution, which is 
circulated at least once through the well (via a conduit extending in the well and the annulas around the 
20 conduit). When passing the circulating viscous solution more than once through the well, the solution 
may be tittered at the surface to remove solid particles therefrom that are swept from the well by the 
solution. Since the viscous solution is in contact with the face of the formation at the level where the 
formation and the well communicate, the properties of the viscous solution should be such that the 
fluid communication between the well and the formation is not impaired by that part of the viscous 
2S solution that enters the formation pore space during the treatment. In order to increase the density of 
the fluid and/or to prevent shale swelling (which would result in a reduction of injectivity of the 
formation) a brine solution is often used. (Brine solutions are aqueous solutions of salts such as NaQ, 
CaClj. MgClj, CaBrj and the like or mixtures thereof). 

Polysaccharides, and in particular microbial polysaccharides, are often applied as a viscosifier to 
30 increase the viscosity of the solution that is used for displacing the liquid originally present In the well in 
carrying out completion or work-over operations in the well. For the reasons set out above, the viscous 
solution should be salt-resistant (i.e. its physical, and in particular its rheological, properties should 
remain substantially unaffected by the presence of ionic salts) and should be Alterable by a Alter 
without excessively plugging the filter. However, those microbial polysaccharides which are at present 
3S available generally fail to satisfy these requirements completely. 

The same problems exist when using an aqueous viscous solution in a fracturing process, in which 
a fracture Is formed in the formation part adjoining a well by injecting a fracturing liquid into the 
fomnatlon pore space at a pressure above the formation breakdown pressure. The fracturing fluid is 
propelled through the well and the formation by a viscous aqueous solution. The fracturing liquid enters 
40 the pore space at a pressure higher than the fracturing pressure, thereby causing a fracture in the 
formation. The fracturing liquid is propelled deeper into the formation by the viscous displacement fluid 
which is also employed to carry Into the fracture propping agents that will keep the fracture walls at 
some distance from one another when the pressure in the fracture Is released. The viscosifier used for 
obtaining the desired viscosity of the displacement liquid should be salt-resistant (since the liquid is 
45 preferably a brine solution to prevent swelling of clay or shale present in the fracture walls). Further, the 
viscosifier should not plug the entrances to the pore space of the formation when the displacement 
flukl is in contact with the fracture walls. As noted above with reference to the liquid displacement 
process forming part of a well completion or woric-over process, the currentiy available microbial 
polysaccharides do not completely satisfy those requirements. 
60 The same problems also exist in enhanced oil recovery processes wherein the fluids present in the 
formation pore space are displaced to a production well or a plurality of production wells that are in 
communication with such formation pore space. Such displacement processes are required in oil 
recovery operations when the natural forces for driving the oil to production wells are insufficient to 
displace the oil (that is often of a high viscosity) at an economical rate. One solution is to pump gas or 
65 water from the surface into the reservoir through injection wells located at some distance from the 
production wells. Because gas is valuable, and water is as a rule more efficient at di^lacing oil than is 
gas, ir^ection of water has become a conventional agent used in enhanced oil recovery processes. 

When water Is injected in the formation for displacing oil in the reservoir to the production wells, 
tongues and fingera of water will develop that advance below and through, respectrv ly th body of oil 
60 present in th pore space of th formati n end ahead of th main water mass. The drive water thereby 
by-passes part of the oil, which results in a decrease in the swe p effect of the water. Moreover, 
substantial amounts of water will b produced with the II and have to b s parated ther from. The 
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problem is more severe In the reeoveiy of viseous oils, and on technique for alleviating this problem is 
to increase th viscosity of th drive vrater by the dissolution of witable chemicals. CeiUlnwvatei- 
soluble polymers have been proposed for this appllcati n. but tiiesw often fall to retain their foil 
potential effectiveness under the severe physical condW ns encountered Inlh o«-beannofonnatoon. n 
« particular. In addition to hwHng the essential inherent viscosity in aqueous solutton, the polymer should 
adequately shear resistant and diould not causa plugging of the pores In the foraiation. and these 
qualities should be retained in the conditions of salinity and temperature vwhlch piwan In oH reseivolre. 

It has now been discovered that certain microbially produced polysaccharides have properties 
weil-fluited to tfietr use in displacing liquids tiirough wells and/or permeable subsurface fomiatioiw 
,0 communicating whh these wells, which displacement processes may be Included, inter alia. In well 
completion and worit-over operations, fracturing metiiods and enhanced oil recovery techniques. 

The present invention tiierefore provides a process for displacing a fluid through a well and^or a 
pemieable subsurface formation by injecting into the well an aqueous solution, characterised in tiiat the 
solution contains as viscosifier a heteropolysaccharide compnsing glucose and. for each 7 moles of 
15 glucose 0.9 to 1 .2 moles of galactose and 0.65 to 1 . 1 moles of pyruvate, togetiter witii succinate and 
acetate in molar proportions (for each 7 moles of glucose) between 0 and 2. 

Heteropolysaccharides of this type are generated by a variety of micro-organisms, including those 
of the genera Pseudomonas. Rhizobium. Alcaligenes and Agrobacterium. Particulariy suitable 
organisms include Rhizobium meliloti. Alcaligenes faecalis var. myKodenes, Agmbactertum 
tumefaclens. Agrobacterium radiobacter. Agrobacterium ritizogenes. and Pseudomonas sp. NCIB 
1 1264 and also a novel strain of Pseudomonas species isolated by the Applicants from a sample of 
son, and deposited at die National Collection of Industrial Bacteria. Torry Research Staton, Aberdeen, 

""^'^l^^^^^l^tXi^l^^ln tiie process of tf,is invention can be produced by cultivating the 
chosen micro-organism in an aqueous nutrient medium until substantial quantities of heteropoly- 
saodharide are eliborated. The aqueous nutrient medium will normally contain an assimilable source of 
cadSn and nitrogen, together virtth smaller amounts of magnesium, calcium. Iron, Phosphoms 
and other inorganic ions. The sources of nitrogen and carton are suitably an 'Tr^^^^^''^^^ 
and a cartjohydrate respectively, the latter convenientiy being glucose, and preferably being empl^ed 
in a concentration between 0.1 and 1096 by weight. rjormaHy 1-2% ^'/^J^'^.^fT.P/'^^'r.J 
cultivation and time required to generate an accepteble ymld of h«^P°'y5f,'^if ^^^^ 
vary according to ttie organism. In tiie case of Pseudomonas sp. NCIB 11B92 ttie temperature 
is preferably between 20« and 35»C. and for a batch process the fermentetion time is normally 
between 60— 1 80 hours, generally from 80 — 100 hours. 
35 When the fermentation is completed, the heteropolysacchande may be reowered ftom the neat 
fermentation broth, or, more preferably, after tiie broth has been separated from tiie cells. TTiis 
separation is convenientiy carried out by adding a suHable ^'^"^^^^^^^JS^'^"^^ 
pol^ccharide of about 2000 ppm, and centrifoglng tiie cells from the diluted b«tiv Tlie <^nfi«dbro* 
may tfien be ti^ated by known techniques to recover tiie heteropo^hrMochande from tiie fermentetion 
40 brotii. A convenient technique Is that of solvent precipitation in which tiie ^•''"e^*?/™/?^^ 

is treated with a suitable inorganic salt such as potassium chlonde, and a water miscible solvent wW* 
does not react witti the heteropolysaccharide and in which tiie product is '"soluble. TJe produrt is tiius 
precipitated and may be recovered by accepted and known techniques and dn^. TVT>i<al organic 
k>h«nte which may be used are straight or branched chain lower alkands, e.g. metfianol ethan^and 
48 Isopropanol. The preferred solvent is isopropanol, vwhen tiie volume added is normally 1.5 times the 

volume of clarified fermentation beer. „K«»o..«»,arfri» anri a 

However, h is not always essential to separate out the pure heteropolysacchande, and a 
convenient process variant Is to osteblish a steady state fermentetion in which nutrient medium is 
Suouiy Ted to the mlcrownlsm, poiysaccharide-contalnlng ""«ent metf urn te co^^^^^ 

so virftfidrawn from the system and. after any necessary clarification, concentration adjustment and^or 
incorporation of additional compounds, is injected into the well. , ^, , ^. _«^.^.„k. 

It Is believed tiiat tiie heteropolysaccharide used in tiie process of tills invention effectively 
comprises an octesaccharide repeating unit based on 7 D-glucose residues and 1 D-galactose residue. 
■The heteropolysaccharide also contolns varying proportions of certtin acid residues, namely pYruvate, 

55 succinate and acetete. The precise proportions of tiiese molecular components vary according to tiie 
^ShoSanism from which tiie heteropolysaccharide Is produced, and b\so tiie precise condrtions 
under which tiie oiflanlsm is cultivated. Also tiie proportions as determined experimentelly wHI show 
some degree of variability between successive sete of measuremente on the sarne matenal, arising in 
Srtfrom a lack of complete homogeneity in tiie material and hence a real venation between samples 

60 and in part from the llmlte of accuracy of the analytical techniques employed, f^*^^'^^^'^'^ - 
pyruvate is always present in the heteropolysaccharide. but acetete ar^suocinate may oa^r only In 
s3am urns or not at all. As explained later, troatment of *.e polyaaorfiaride ""^'1 *1''[?^„^,° 
Iny succinate and acetete originally present, but h will I, ave rhe Py?~««Jj^«^. f ^ 
wherein tfie ecetete and succinate content is effectively zero, has accepteble physical/rtieol glcal 

55 properties and falls within the scope of this invention. 
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P tymers suitable for use in the fluid displacement process of this Invention should possess 
certain physical/rheological characl^stlcs. The most basic of these is *e inherent vlsco^ of the 
polymer In aqueous solution, since this Is necessary for the effectiveness of th displacement In 
common with many other water-soluble polymers, aqueous solutions of the heteropolysaccharides 

s used In this process are pseudoplastic, or shear-thinning, that is their viscosity reverslbly decreases 
with an Increase in shear rate, and therefore the viscosity criteria have to be related to the shear rate. 
For commercially effective results h Is preferred that a 1 000 ppm solution of the heteropolysacchande 
In a medium brine solution (as hereinafter defined) should have a viscosity of at least 3, and more 
especially at least 10. mPa^s when determined at a shear rate of 7.5 s"^ and a temperature of 25^C. 

10 Detenninations of the viscosity under these conditions can conveniently be made with a Broolrfield LVT 
or Contraves Low Shear viscometer or a Deer rheometer. , , . ^ 

The shear-thinning, or "pseudoplastic". characteristics of these polymers are of particular benefit 
when applying the polymers as viscosifiers in aqueous solutions used as displacing-agents for 
displacing fluids (such as oil) in a permeable sub-surface formation to a production well (or a plurality of 

IS production wells) communicating with the fomiation. The oil is then recovered to the surface via the 
production well(s). In such enhanced water-drive oil recovery process of tills invention, tiie aqueous 
viscous solutions have a considerably greater Injectivity than that of a fluid having comparable 
displacement characteristics but Newtonian flow properties. However, injectivity can be adversely 
affected by the retention of the polymer in the pores of the permeable subsurface fomiation, leading to 

20 plugging of the pores with consequential loss of injectivity and impairment of oil recovery. Suitable 
filtration tests known per se may be carried.out to assess the potential hazard of plugging a formation 
of a particular permeability when a particular batch of the microbial polysaccharide produced by the 
production method according to the present invention Is to be Injected thereinto, and it Is found that 

such hazard is minimal. ^ , ^ , -i xi -n ■ 

25 Anotfier feature off the polysaccharide solution of importance for improved fluid displacement in 
wells and/or subsurface formations is that both the viscosity and filterability characteristics should be 
maintained in tiie presence of Ionic salts, since the aqueous solutions used in oil recovery treatments 
are normally saline, and also the oil-bearing formations themselves often contain signrficant salt 
concentrations. The polysaccharides used In this invention generally fulfil these varied requirements 
30 better than materials hitherto available. 

Characterisation of Pseudomonas sp. NCIB 1 1 592 ^ 

Pseudomonas sp. NCIB 1 1 592 has the morphological and physiological characteristics set out 
below. These were determined by standard test methods described in "Cowan and Steel's Manual for 
ss the Identification of Medical Bacteria", second edition (1 974). Comparison of these characteristics with 
those listed In "Berge/s Manual of Determinative Bacteriology, Eighth Edition" indicates that the 
organism has many characteristics of the genus Pseudomonas but certain properties which are 
nomially associated with Agrobacterium, though the production of a water-soluble pigment under 
certain conditions suggests that Pseudomonas is the more appropriate designation. 

40 

1. Physical characteristics 

(a) Shape — small rods, occurring singly or In pairs. 

0.5 — 1 .0 microns, x 1 .5 — ^2.5 microns- 

(b) Motility — motile with 1 or 2 polar flagella 

45 (c) Sporulation — no evidence of spore (or cyst) formation, 

(d) Gram stain — negative. 

2. Cultural characteristics ^ . . ^. . o o 

Nutrient agar plate. Colonies off-white, smooth glistening flat circular and entire. Diameter 2—3 
so mm after 24 h. at 30*>C. 



3. Physiological characteristics 





(a) 


Catalase 




(b) 


Oxidase 


55 


(c) 


Urease production 




(d) 


Growth 




(e) 


Temperature relations 


CO 


(f) 


pH relations 




(g) 


Methyl red 




(h) 


Voges-Proskauer 




(i) 


Carbohydrate breakdown 




(]) 


HjSproducti n 


55 


(k) 


Indole production 



— positive 

— positive 

— posfth^e 

— aerobic 

— anaerobic with nitrate . 

— up to 37**C, optimum 30**C 
No growtii at 4*»C or 41 «*C. 

— optimum 6.5 — ^7.5, range 4.5 — 9.0 

— negative 

— negative 

— .oxidative 

— negative 

— negative 
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(I) NhratB reduction — positive. N, or NH,fonned 

(m) Hydrolysis of 

gelatin — negative 

Tween (rBgistered Trade R/larW — negatw 

Casein — n«9aw« 

starcli — 

(n) Utmusmlllc — reduced 
(o) Arglnlne diliydrolase 

fThomely'stest) — neflative 

to (p) Arginine decarboxylase — negative 

Lysine decarboxyiasa — negative 

glTmemaSr*''^''" - K^I^'b medium-slight yellow 

3 KtTon of carbon sources-<3rows on glucose sucrose fmctose. s"cdnate^ne 
alanine, mannitol, lactate, and propylene glycol. Acid produced from glucose. No growth on 
citrate, malonate. phenylalanine, gluconate, etiianoi or ethylene glycol, 
(s) Bemaerts and De Ley test — positive 



t6 



20 



2S 



Preparation of heteropolysaccharide by cultivation of Pseudomonas sp. NCIB 11592 

^^^2m for a batch culture was InWally grewn from a single mucoid a,lony ^Pfl^^^^f"^ 
•n wriB 1 1592 from an aaar olate. in a 250 ml. conical shake flask containing Lab-lemco broth { 1 00 
m^ and 10 sSSciffl at 30'C for 24 hours on an orbital shaker. An aliquot (40 ml.) 

S twrllJire wis S2?'tSwSnSdaseptlcally to a 2-litre conical shake flask containing 1 of the 
I^IL iSilTilSra^S^sT^^^^^^^ for a furtiier 30 hours at 30-C on an orbital shaker before 
inoculation into the fermenter. 



30 



Medium oompo^on 

Glucose lOg/l 

Nb,HPO, 3.0 0^ 

KH>0, 3.0 

MgS0,.7H,0 O^g/I 

35 FeCI,.6H,0 f!-?""^ 

^ C8CU.2H,0 Itl"'^ 

ZnSd4.7H,0 

CuS04.5H,0 S-^S*"^ 

MnS04.4H,0 SiS""^ 

^ coa,.6H,o 

H BO 0-20 

N8,m'o04.2H,0 0.60 mg/l 



n»r,«».*<.ti«n wac inltlatad bv tfie addition of the inoculum into a Chemap LF-7 fermentation 
« v^^/cC^Sra^^f fl^iS^edium final woHdng ^^'-^^ ^^^Z^^^Tm 

w^ Sttined aV 28»C+0.2»C and the pH controlled at 6.80 by the automatic "ddljion of a 1 N 
MteSm Mrorfde+INWium hydroxide solution. Air was sparged '"^.^he fermenter at a rate of 
n^roTmta-Cd the cutaire agitated by 3x4-bladed Rushton turbine impeller at a speed of 1000 rprn. 
Ga?tlii ;;SeT^tTS^Zs w7s sufficient to maintain ti,e culture dissolved oxygen tension in 

"^IZS^ SmJtesTo ml ) were taken at regular imeivals threughout die femnentation and 
iKlSSw.?™" -mptettd, th. lem»nt«lon bn* ws «p.««l ftom Ihe cell, b, 

addition of potanshim chloride fclowo* b» leofnopenol In an .mourn "U-l"'^™^''?^^ 
nnaterial may then be ground t a fine powder. 

" 'S.S^pm^ureslmllart that descHb d abov . a culture broth f P,eu./omona. sp. NClB 



SO 



ss 
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11 592 was stabtlshed In a 4 litre "Biotec" fermenter fitted with baffles and an impeller. This broth 
was then fed with tw nutrient streams: — 



10 



15 



20 



30 



40 



Stream 1 : 



Stream 2i — 



H3PO4 

MgSO^.THjO 
CaCi, . 2H2O 
Glucose 

Trace elements:- 

(IMH4)2S04 



1.088 g/l 
0.493 g/l 
0.147 g/l 
20 g/l 

as In medium defined above. 
21.14g/l 



4S 



BO 



66 



The volume of the broth was 2.6 litres, and nutriem streams 1 and 2 were continuously fed at 
rates of 149.2 and 1 5.4 miAiour respectively, and the culture broth maintained at 28®C and pH 7.5 (by 
the use of 2.0N mixture of sodium hydroxide and potassium Itydroxide). Culture medium was 
continuously withdrawn at an equivalent rate, and this outlet stream contained 3.7 g/l of 
polysaccharide (as estimated by viscosity) and 2.7 g/l of ceils (detemiined by optical density and 
expressed as cell dry weight). 

Detemnination of heteropotysaccharide chemical constitution 

The heteropolysaccharlde obtained from the above batch fennentation was hydrolysed with 0.25 
M sulphuric acid at 95 ®C for 16 hours. Quantitative analysis by g.l.c. after conversion to the 
peracetylated aldononttrile derivatives, and by enzymatic methods revealed that the only neutral sugars 
present were D-giucose and D-^alactose, the molar ratio of glucose'.galactose being 7K}.96 and that 
pyruvate, acetate and succinate were also present in molar amounts (based on 7 moles of glucose) of 
1.02; 0.11; and 1.11 respectively. 

Titration of the deionized native polysaccharide gave the curve expected of a dibasic add whereas 
titration of the alkali deacylated polymer indicated a single acidic group. Hence, the polysaccharide 
contains an alkali-stable acidic function, believed to be supplied by the pyruvate group linked as a ketal 
to the sugar residue, and also an alkali-labile acidic function believed to be derived from succinic acid in 
the form of its half ester. The acetyl content of the polymer has been found to vary somewhat between 
different batches, but is consistently less than equimolar with galactose. The sucdnyl content is 
normally approximately equimolar with galactose. 

Methylation of the polysaccharide by the Hakomori procedure gave the methylated sugars shown 
in Table 1. A single g.l.c system to resolve all the partially methylated sujgars has not been found but 
the use of two systems has allowed a complete analysis. The individual methylated sugars were 
identified by g.c. — m.s. The presence of two distinct 2,4,6,tri-0-methyl hexose derivatWes 
unequivocally shows that the galactose residue and one glucose residue are linked at the 3-posltlon In 
the molecule. The remaining partially methylated sugars must all be derived from glucose residues. The 
methylation data are therefore best Interpreted in terms of a polymer with an 8 sugar repeat unit (7 
glucose+1 galactose). No tetramethyl derivative is evident but two 2,3 di-O-methyl glucose units occur 
per repeat unit Hence, if the repeat unit is branched, the non-reducing terminal must consist of a 
pyruvylated glucose residue 4,6-0-(1-carboxyethylidene)-D-glucose which gives 2,3 di-O-methyl- 
glucose on methylation. The second 2,3 di-O-methyl glucose residue would be derived from the 
branching point sugar of the polysaccharide. 





TABLE 1 






Methylated sugar^ 


Column 1 


Mole ratios 
column II 


Overall 
mole ratios 


2, 4, 6 Glucose 
2, 4, 6 Galactose 1 
2, 3, 6 Glucose J 
2, 3, 4 Glucose 
2, 3. Glucose 


2.08 
3.04 1 

1.00 1 
1.96 


2.06 
1.00 

2.91 

1.93 


2 
1 
2 
1 
2 



Column 1=5% SE 30 on Supelcoport 100/120; 175«C; at 50 ml/mln. 
60 Column 11=3% NPGS on Chromosoib WAW.; 180<'C; at 50 ml/mln+2A6 Glucose representing 

2.4,6-tri-O-methyl glue se, etc. 

In order to evaluate the extent of the variability in polysaccharide compositi n as determined n 

the product from a sp clfic microorganism strain, sev ral samples f polysaccharide were prepared 

from Pseudomonas NCIB 1 1 592, and th product analysed enzymlcally after hydrolyds In 0.25M 
65 sulphuric acid at 95**C f r 16 hours. The results are shown In Table 2 below: — 
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TABLE 2 

Polymer Mole ratios 

sample Glucose Galactose pyruvate Acetate Sucanate 

A» 7 0.96 1.02 0.10 1.12 

B* 7 0.97 1.08 0.08 1.22 

(N« 7 0.98 0.92 0.01 1.07 

7 0.95 1.05 0.19 1.25 

* polysaccharide produced In batch culture 

po^saccharlde produced by continuous reactor. 

A further detailed study was made on 6 batches of product from Pseudomonas NCIB 1 1592, 
hydrolysed In 0.5M sulphuric acid at 95*»C for 1 6 hours. The sugar analyses were performed as before, 
and the acids were analysed by high pressure liquid chromatography on a 30 cm. "Bio-rad" HPX 87 
column at 30**C with detection by UV absorption at 206 nm. The number of samples analysed from 
each batch was 3 — 5, and each sample was separately hydrolysed. The variation between the samples 
in each batch (representing the variation resulting from sampling, and in the actual analyses) was 
statistically analysed to give the standard en-or of the mean for each batch. Of the various analytical 
techniques, that for the determination of galactose is the least precise, the standard deviation being 
about 0.05. 

The results are shown In Table 3 below. 

TABLE 3 

Batch Mole ratio (based on Glucose as 7) 



no. 



Glucose Galactose Pymvate Succinate 



1 7 0.99±.01 1.01 0.92 

2 7 1.16±.02 0.77 1.02 

^ 4 7 1.08+.02 0.998±.005 1.145+.005 

5 7 1.10+.01 0.71+.01 0.87±.02 

6 7 1.01 +.02 1.04±.03 1.10±.04 



35 



40 



In all cases, acetate was detected, but was present below the level which could be accurately 
measured (about 0.3 mole ratio). 

Sugar analyses dmOar to those described at the beginning of this section were earned out on the 
polysaccharides produced by a number of known organisms; With the results shown in Table 4 below. 

TABLE 4 



45 



55 



Organism 


Sugar 
glucose 


Galactose 


Pyruvate 


Acid residues 
Acetate 


Succinate 


Pseudomonas 


7.0 


0.94 


0.91 


0.09 


0.67 


sp. NCIB 11264 






1.00 


1.20 


1,65 


Rhizobium mettlotl 


7.0 


1.00 


K.24 










1.98 


Rhizobium meiiloti 


7.0 


1.05 


1.02 


1.07 


DSM30136 








0.35 


0.74 


AgrobacteHum radiobacter 


7.0 


1.05 


0.98 


NCIB 8149 








0.14 


0.57 


Agrobacterium radiobacter 


7.0 


0.94 


1.00 


NCIB 9042 








0.16 


0.51 


Agrobacterium tumfaciens 


7.0 


0.97 


0.89 


DSM 30208 













€0 It is apparent from these results that the polysaccharides produced by each organism (including 

the novel Pseudomonas sp. NOB 11592) have essentially similar sugar and pyruvate composition. 
Accordingly, it is believed that they all have the same basic oclasaccharide repeating unit, which has 
been fully elucidated In respect of the polymer derived fr m a strain f Rhizobium meHioti—see 
J.Am.Chem.Soc. 99 (1977) 3812—3815, and all the polysaccharid s having this composition are 

66 potentially suitable for use In the process of this invention. 
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Determination of het ropolysaccharid rh ologieal properties 

The viscosity/shear properties were determined for th pol^accharldes produced by a number of 
the organisms described above, and the results are set out In Table 5 below. In aj^fes^e resulte 
refer to a 1000 ppm solution of the polysacchande in medium salinity brine (as defined belowK and 
were determined according to the procedures hereinbefore described. 



TABLE 5 



Micro organism used 



Viscosity (mPa.s) 



10 



IS 



Shear rate (s~M 
Pseudomonas sp. NCIB 1 \ 592 
Pseudomonas sp. NCIB 1 1264 
Rbizobium meliloti IC24 
Agrobacterium radiobacter NCIB 81 49 
Deacylated product of NCIB 1 1 592 



11.5 


23 


46 


115 


60 


36 


22 


12 


40 


28 


21 


12 


26 


20 


14 


9.0 


17 


15 


12 


9.0 


14 


13 


12 


10.4 



The Influence of salinity on viscosity was also evaluated using the polysaccharide from 
Pseudomonas sp. NCIB 1 1 592 in a 1000 ppm aqueous solution containing different levels of sodium 
20 chloride concentration. All determinations were carried out at 25*C and a shear rate of 23 s~\ and the 
results are shown in Table 6 below. 

TABLE 6 



% Na CI 0 
25 Viscosity 37.0 



b) 



0.05 
37.0 



0.5 
36.5 



5.0 
36.0 



10.0 
38.0 



20.0 
39.0 



30.0 
42.0 



30 



3S 



40 



45 



SO 



RIterablllty . . . . . * • u- u *u 

The potential hazard of formation plugging is assessed by an empirical filtration test in which the 
passage of a given volume of heteropolysaocharide solution through defined filteris) is measured as a 
function of time. Generally, the solutions filter easily for so long as at least part of the filter is open to 
flow, but as soon as the filter pores become plugged the filtration rate declines rapidly. It has teen 
established empirically that the filtration behaviour can be satisfactorily evaluated using filtere of 47 
mm diameter with a pressure difference of 1 .0 bar and a sample volume of 1 00 ml of solution. Suitable 
Altera are of cellulose ester type (e.g. "Milllpore" (registered Trade Marie)) having pore sizes ranging 
from 0.45 to 5.0 microns. e.g. 0.45. 0.8. 1 JZ or 5.0 microns. The performance is expressed by tfie time 
needed to pass tiie 100 ml through the filter. In order to determine the effect of ionic salts on the 
filterabifity characteristics, the filtration test is carried out at three levels of salinity, as follows:— 



Low Salinity contains 
Medium Salinity contains 
High Salinity contains 



0.5% NaCl. 0.05%. CaCl2.2H20 
3% NaCI and 0.3% CaCl2.2H20 
10% NaCI and 1% CaCl2.2H20 



Solutions of 600 ppm of heteropolysaocharide are made up in each of these low. medium and high 
salinity brines and are evaluated for filterability as descn*bed above. ^ j x_ 

Determination of the filtration characteristics of the heteropolysaocharide produced from 
Pseudomonas sp NCIB 1 1592 demonstrated tiiat at all levels of salinity tiie solutions passed in less 
than 3 minutes tiirough filtere of pore sizes 0.8 ^; 1.2 ^ and 5.0 In all cases it was found that tiie 
oassaae of tiie solutions tiirough the filters did not lead to any loss in inherent viscosity of Uie polymer 




the polymen for the polymer produced from the other organisms a 1000 ppm solution was used. 



TABLE 7 



65 



nitration time (seconds) 



Micro organism 



Pseudomonas sp 

Nasi 1592 
60 Pseudomonas sp 

NCIB 11264 
Rbizobium mefiioti 

K-24 

Agrobacterium radiobacter 
66 NCIB 8149 



Low saline 


Medium saline 


High saline 


175 


245 


360 


1200 


210 


260 


426 


49 


208 


105 


88 


108 
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^"iSS of the shear stability of the polymer Prod"«d ^y P.«/rfomona5^J^^^ 
wasmTdlV^inflt th following technique, and was compared with the results obtained frt^ 
known viscosifiers for oil operations. Keban XC and Pusher 700. itk mi «* 

S^I Omnimixer vras set up using the 400 ml container coo ed in teeMater. About 175 mi of 
c lOW) rom poSmar solution in distilled water was added and the mixer run at setting 4 (1 1 500 rpm). 
An ^miSaTwas and samples taken at intervals of 30 s. 30 s. 1 min. 2 mm, 4 min and 

StSe^^SoJtlis of the extreme samples ftom the Kelran expenment measured after 1 day 
showed no measurable recovery in viscosity. 

The results are tabulated in Table 8 below. 



IS 



20 



25 



Kelzan XC 
Time % Initial 

(min.) Viscosity viscosity 



TABLE 8 



Viscosity 



Pseudomonas NCIB 
1 1 592 polymer 



% Initial 
viscosity 


Viscosity 


% initial 
viscosity 


100.0 


37.3 


100.0 


73.7 


35.7 


95.7 


60.5 


36.8 


98.7 


45.3 


35.6 . 


95.4 


32.6 


35.0 


93.8 


24.2 


33.6 


90.1 


17.4 


30.8 


82.6 



0 

0.5 
1 
2 
4 
8 
16 



24.3 
23.7 
22.9 
22.4 
20.9 
18.6 
16.0 



100.0 
97.5 
94.2 
92.9 
86.0 
76.5 
65.8 



38.0 
28.0 
23.0 
17:2 
12.4 
9.2 
6.6 



Wmmtrnm 

a visooslfier since it has, a^,f brine as cleaning fluid which is attractive in 

Zuhifh riitsnlacarnent fluids are passed Into a subsurface formation. - ^ i« 

TSTpS^Tproce^ miy also find application as part of a worlc^ver operation earned out 
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formations wherein a fluid Is being displaced through the well and/or pore space of the formation. Apart 
from the application of the present process in the above descnTjed work-over-, completion, oil recovery-, 
and fracturing-operations, the process may also b used In any other type of operati ns wherein a 
viscous aqueous solution Is pumped down a w II, such as for the transp rt of sand particles, etc., d wn 
6 the well and Into the formation, thereby displacing the fluid originally present In the well anchor 
formation. The use of the present microbially produced polysaccharide will prevent the formation 
becoming plugged by the viscous aqueous solution on entering the pore space of the fbrmatioa Also, 
the required viscosity for carrying out the process will not decrease when the viscosifier is in contact 
with salt solutions or salt layers. 

to 

Claims 

1 . A process for displacing a fluid through a permeable subsurface formation communicating with 
a well, by injecting into the formation via said well an aqueous solution, characterised in that the 

fs solution contains as viscosifier a heteropolysaccharide comprising glucose and, for each 7 moles of 
glucose, 0.9 — 1 .2 moles of galactose, and 0.65 to 1 . 1 moles of pyruvate, together with succinate and 
acetate in molar proportions (based on 7 moles of glucose) between 0 and 2. 

2. Process as claimed In claim 1, wherein an aqueous solution of the heteropolysaccharide has a 
viscosity (as measured on a 1 000 ppm solution in medium brine at a shear rate of 7.5 s"^ and a 

20 temperature of 25®C) of at least 3.0 mPa^. 

3. Process as claimed In daim 2, wherein the aqueous sojution has a viscosity of at least 10 
mPa.s. 

4. Process as claimed in claim 1 , 2 or 3, wherein the polysaccharide is obtained by cultivation of a 
slime forming species of Pseudomonas, Rhizoblum, Alcaligenes or Agrobacterium. 

2B 5. Process as claimed in claim 4, wherein the polysaccharide is obtained by cultivation of 
Rhizoblum mefffoV, Rhizobium tnfolih Alcaligenes faecalls var, myxogenes, Agrobacterium tumefaciens, 
Agrobacterium radiobacter, Agrobacterium rhizogenes^ Pseudomonas sp. NCIB 1 1264, Pseudomonas 
sp. NQB 1 1 592, or mutants thereof, and, if required, subsequent alkaline deacylation of the microbial 
product 

JO 6. Process according to any one of the preceding claims, wherein the aqueous solution that is 

injected into the well is passed into the formation for displacing at least part of the fluid present therein 
to a production well and recovering the fluid therefrom. 

7. Process according to any one of the claims 1 — 5, wherein the aqueous solution that is injected 
into the well is for at least the major part of the injection allowed to circulate through the well via a 

3S conduit extending into the well and the annulus around the conduit for cleaning the well from the fluid 
contents originally present therein. 

8. Process according to claim 7, wherein the aqueous solution after having been circulated once 
through the well, is filtered and rennjected into the well. 

9. Pn^cess according to claims 7 and 8, wherein after the well has been cleaned, the aqueous 
40 solution is ieft stationary in the well during completion or woric-over operations that are subsequentiy 

carried out in the well. . 

1 0. Process according to any one of claims 1 — 5, wherein the major part of the aqueous solution 
that has been injected into the well is passed into a fracture communicating with the well and 
extending into the formation. m * > a 

45 1 1 . A process for the production of a polysaccharide suitable for use in the process of daim 4, 
which comprises cultivating Pseudomonas sp. NCIB 11592, or mutants thereof, under aerobic 
conditions in an aqueous nutrient medium and recovering the polysaccharide from the polysaccharide- 
containing medium. 

12. The process as claimed In claim 11, wherein the cultivation is canled out at a temperature 
so between 20° and 35°C and a pH between 6.0 and 9.0. 

13. A polysaccharide when produced by a process as claimed in claim 1 1 or 12. 

. Patentansprfiche 

ss 1. Verfahren zur Verdrangung einer Russigkeit aus einer durchlassigen Formation unterhalb der 

Oberflache. die mit einem Bohrioch in Vertjindung steht durch Hnspritzen einer waBrigen Losung In 
diese formation uber das Bohrioch, dadurch gekennzeichnet daB die Losung als ViskositStserhoher ein 
Heteropolysaccharid enthSIt umfassend Glucose und auf jeweils 7 mol Glucose 0.9 bis 1 ,2 mo! 
Galactose und 0,65 bis 1.1 mol Pyruvat zusammen mit Sucdnat und Acetat in Moh^rtiSltnlssen 

60 (bezogen auf 7 mol Glucose) zwischen 0 und 2. 

2. Verfahren nach Anspruch 1, wobei die wa&rige Ljosung des Heteropolysaccharids eine 
Viskositit (gem ssen an einer 1000 ppm tSsung In mittierer Salzldsuhg b I iner Schen^te von 7,5 s" 
und einer T mperatur von 25**C) von mindestens 3,0 mPa.s besitzt 

3. Verfahren nach Anspruch 2. wobei die wiBrige i^sung Ine Viskositit von mindestens 10 
6$ mPa.s besitzt 
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4. Verfahren nach Anspruch 1, 2 oder 3, wob I das Polysaccharid ertialten woiden 1st dureh 
ZOchtungemerSchleimblidenden Art von Pseud m nas, Rhteoblum, Alcaligenes r Agrobacteriucn. 

5. Verfahren nach Anspmch 4, wobei das P lysaccharid erhalten worden ist durch Zflchtung von 
Rhiz blum melil ti, Rhiz bium trifolu. Alcaligenes faecalis. var myxogenes. Agrobacterium 
tumefaciens, Agrobacterium radlobacter, Agrobacterium rhizogenes, Pseudom nas sp- NCIB llZb4, 
Pseudomonas sp. NCIB 1 1592 oder Mutanten davon und wenn eiforderiich anschlieBende alkaOsche 
Deacyllerung das mirkobiologlschen Produktea ^ i„ 

6. Verfahren nach elnem der vorangehenden AnsprQche, wobei die waSnge Losung d^e In das 
Bohrioch einaesprftzt wird, in die Formation geleitet wird. urn rumindest einen Teil der darin 
enthaltenen RQssiglceit zu einem Forderbohrioch zu troiben und die Russiglcelt daraus zu gewinnen 

7. Verfahren nach einem der AnsprQche 1 bis 5, wobei die wSBrige Lesung, die m das Bohrioch 
elngespritrt w!rd. zumlndest zum groBten Tell uber elne Uitung durch das Bohrioch ziriculieren l<ann, 
die sich In das Bohrioch erstreckt und den Umlcrels der Leitung, urn das Bohrioch von den ursprunglich 
darin enthaltenen Russigkeiten zu reinigen (freizuhalten), . w 

8. Verfahren nach Anspruch 7, wobei die waBrige Losung. nachdem sie einmal durch das 
Bohrioch gelaufen ist filtriert und emeut In das Bohrioch injiziert wird. ^...^ ^^o^„^ 

9. Verfahren nach Anspruch 7 oder 8. wobei nach der Remigung des Bohrioch^ die waBnge 
Losung wahrend der weiteren Arbelten, die anschlieBend In dem Bohrioch ausgefiihrt warden, in 

''"'To^SSre^^^^^^^ der Anspruche 1 bis 5, wobei der^fliol^^^^^^ der v^^gen l^ng^^^^ 
In das Bohrioch eingespritzt worden ist, in einen Bruch geleitet wird, der mit dem Bohrioch in 
Verbindung steht und sich In die Formation (das Gebirge) erstreckt x,^rf^Ur^r> narh 

1 1 . Verfahren zur Herstellung eines Polysaccharide, das zur Anwendung bei dern Verfahren nach 
Anspruch 4 geelgnet ist, umfassend die Zuchtung von Pseudomonas sp. NCIB 1 1592 oder Mutem^^ 
davon unter aeroben Bedingungen in einem wSBrigen NShmieriium und Gewlnnung des Polysacchands 
aus dem Polsaccharid-haltigen Medium. ^ j «u«- on ..nw 

12 Verfahren nach Anspruch 1 1, wobei die Zuchtung bei einer Temperatur zwischen 20 und 
35°C umi einem pH-Wert zwischen 6,0 und 9,0 durchgefuhrt wuid. .^.r^^.^h ^^ nHar^9 

13. Polysaccharid, das gebildet worden ist nach einem Verfahren wie in Anspruch 11 oder iz 
30 beansprucht 
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Revendications 



35 1 Un proc6d§ pour d6placer un flulde d travers une formation souten^ine permeable communi- 

quant avec un pults, en Injectant dans la formation par le puits une solution aqueuse, caract6ns6 en ce 
que la solutfon contient comme agent de viscosltd un h6t^nopolysaccharide comprenant du glucose et, 
pour 7 moles de glucose, 0,9 ft 1^ mole se galactose et 0,65 d 1,1 mole de pyruvate, ains. que du 
succinate et de Tacitate dans des proportions comprises entre 0 et 2 moles pour 7 mol^ de gluojse. 

40 2. Proc6d6 seton la revendication i, dans lequel une solution aqueuse de ITi^tferopolysacchande a 
une viscosity (telle que mesurte sur une solutton d 1000 ppm dans de la saumure moyenne d un taux 
de cisaillement de 7,5 s"^ et ft une tempfirature de 25'»C) d'au moins 3,0 mPa.?. ^^ 

3. PrDc6d6 selon la revendlcation 2, dans lequel la solutton aqueuse a une vlscosit6 d-au moins 10 

45 Proc§d§ selon la revendlcation 1 , 2 ou 3, dans lequel le polysaccharide est obtenu'per culture 

d une espdce de Pseudomonas, Rhizoblum, Alcaligenes ou Agrobacterium formant une substance 

visqueuse.^^^^ selon la revendlcation 4, dans lequel le polysaccharide est obtenu per culture de 

so Agrobacterium radiobacter, Agrobacterium rhizogenes. Pseudomonas sp. NCIB 1 1 264. ^^^f^^^J^f^^ 
sp. NCIB 11592 ou leure mutants et si n6cessalre. d6sacylation alcaline ultfirieure du produit 

microbien.^^^^^ selon Tune quelconque des revendications pr6c§dentes. dans lequel la solution 
aqueuse qui est iniect6e dans le puits est pass6e dans la formation pour d§placer au moins une partie 

55 du fluide qui y est present vers un puits de production et pour recueil du flulde. 

7 Proc6d6 selon I'une quelconque des revendications 1 d 5, dans lequel on permet a la solution 
aqueuse qui est iniect6e dans le puits, pendant au moins la majeure partie de llnjection, de circuler a 
travere le puits par un conduit s'6tendant dans le puits et par I'espace annulaire autour du conduit pour 
nettoyer le puits en chassant le flulde initialement pr6sent ^ , , x 

60 8. Proc6d6 selon la revendicatibn 7, dans lequel la solution aqueuse, aprds circulation une tois a 

trevere le puits, est flltr6e et r^inject^e dans le pults. a i« 

9. Proc6d6 selon les revendications 7 et 8, dans lequel apr§s que le puits a et6 nettoy6, la solution 
aqueuse est laiss6e en repos dans le puits durant des op6rations de completi n ou de 
reconditionnement qui sont effectu§es ensuite dans le puits. 

65 10. Pioc6d6 selon I'une quelconque des revendications 1 d 5, dans lequel la majeure partie de la 
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solution aqueuse qui a M In]ect6e dans le puits est pass6e dans una fracture communlquant avec le 
pults t s'6tendant dans la formation- 

11. Un procM§ pour la producti n d'un p lysaccharide utiHsable dans le procede sel n la 
revendication 4, qui comprend la culture dB Pseudomonas sp. NCIB 1 1592, ou da ses mutants, dans 
das conditions a§robies dans un milieu nutritif aqueux et le recueil du polysaccharide d partlr du milieu 
oontentant le polysacdiaride. ^ ^ ^ . ^ 

12. Le procdd6 selon la revendication 1 1 , dans lequel la culture est conduite a une temperature 
comprise entre 20*'C et 35^C et d un pH compris entre 6,0 et 9,0. 

13. Un polysaccharide quand il est produit par un proc6d6 selon la revendtcation 11 ou 12, 
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